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xDSL-BASED COMMUNICATION SYSTEM 



TECHNICAL FIELD 

The present invention relates to packet-based xDSL architectures for 
broadband communication systems. 

5 BACKGROUND ART 

xDSL is a generic term for digital subscriber line equipment and 
services, including packet-based architectures, such as ADSL, HDSL, SDSL, VDSL, 
and RADSL. That is, x is the generic. xDSL technologies provide extremely high 
bandwidth over embedded twisted pair, copper cable plant. xDSL technologies offer 
10 great potential for bandwidth-intensive applications, such as Internet access, remote 
LAN access, video conferencing, and video-on-demand. 

ADSL or asymmetric digital subscriber line services generally use 
existing unshielded twisted pair (UTP) copper wires from the telephone company's 
central office to the subscriber's premise, utilize electronic equipment in the form of 

15 ADSL modems at both the central office and the subscriber's premise, send high- 
speed digital signals up and down those copper wires, and send more information one 
way than the other. The ADSL flavor of xDSL services is capable of providing a 
downstream bandwidth of about 1.5 Mbps - 8 Mbps, and an upstream bandwidth of 
about 16 Kbps - 64 Kbps with loop distances ranging from about 3.7 km - 5.5 km. 

20 HDSL or high bit rate digital subscriber line services provide a symmetric, high- 
performance connection over a shorter loop, and typically require two or three 
copper twisted pairs. HDSL is capable of providing both upstream and downstream 
bandwidth of about 1.5 Mbps, over loop distances of up to about 3.7 km. SDSL or 
single line digital subscriber line services provide a symmetric connection that 

25 matches HDSL performance using a single twisted pair, but operating over a shorter 
loop of up to about 3.0 km. VDSL or very high bit rate digital subscriber line 
services are typically implemented in asymmetric form, as a very high speed 
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variation on the ADSL theme over a very short loop. Specifically, target 
downstream performance is typically about 52 Mbps over UTP local loops of 300 
m, 26 Mbps at 1,000 m, and 13 Mbps at 1,500 m. Upstream data rates in 
asymmetric implementations tend to range from about 1.6 Mbps to about 2.3 Mbps. 
5 Additionally, there is RADSL or rate adaptive digital subscriber line services. 
RADSL provides a dynamic connection that adapts to the length and quality of the 
line. 

In the xDSL family of services, many xDSL themes, including ADSL, 
HDSL, SDSL, VDSL, and RADSL, utilize a packet-based approach that does away 
10 with the line-grabbing practice of circuit switched networks, such as ISDN. This 
packet-based approach is very advantageous in a variety of situations, such as high- 
speed data services, including high definition television or HDTV transmissions. 

In the group of xDSL services, VDSL services are of particular 
interest for a hybrid local loop scenario. In a particular VDSL application, fiber-to- 

15 the-neighborhood (FTTN) provides distribution from the central office to the 
neighborhood, and VDSL over UTP carries the signal the last leg to the individual 
residential premise. In such an architecture, each customer has their own dedicated 
VDSL loop extending from the neighborhood node to the customer. In particular, 
the existing copper twisted pair running to the customer is sometimes utilized for 

20 VDSL transmissions. That is, existing xDSL architectures provide point-to-point 
communication between the neighborhood node and the customer premise. 

As VDSL and other xDSL technologies are currently in the early 
development stages, there is a need for improved xDSL-based communication 
systems that take greater advantage of xDSL capabilities than do any existing xDSL 
25 services. 
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DISCLOSURE OF INVENTION 



It is, therefore, an object of the present invention to provide a 
broadband communication system utilizing packet-based xDSL technologies to 
provide point-to-multipoint communications. 

In carrying out the above object, a broadband communication system 
of the type utilizing xDSL packet-based technologies is provided. The system 
comprises an upstream xDSL modem, a twisted pair, a plurality of taps defined 
along the twisted pair, and a plurality of downstream xDSL modems. The twisted 
pair is connected to the upstream xDSL modem. Each downstream xDSL modem 
is in communication with a corresponding tap of the plurality of taps. The upstream 
xDSL modem and the plurality of downstream xDSL modems are configured to 
provide packet-based point-to-multipoint communication between the upstream xDSL 
modem and the plurality of downstream xDSL modems. 

In a preferred embodiment, the upstream xDSL modem and the 
plurality of downstream xDSL modems are VDSL modems. Further, in a suitable 
embodiment, the twisted pair is an unshielded copper twisted pair, such as a 
Category 3 or a Category 5 twisted pair. Further, in a suitable configuration, the 
upstream xDSL modem and the plurality of downstream xDSL modems are 
configured to provide packet-based point-to-multipoint communication in a packet- 
switched network, or alternatively, in a cell-switched network. 

Preferably, the plurality of downstream xDSL modems are operative 
to transmit to the upstream xDSL modem in a contention-based protocol or a time 
division multiplexing-based protocol. And, preferably, the upstream xDSL modem 
is operative to transmit to the plurality of downstream xDSL modems in a broadcast- 
based protocol. 

Further, in carrying out the present invention, a broadband 
communication system of the type utilizing xDSL packet-based technologies is 
provided. The system comprises a central office, an upstream xDSL modem in 
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communication with the central office, a twisted pair, a plurality of taps defined 
along the twisted pair,, and a plurality of downstream xDSL modems. The upstream 
xDSL modem and the plurality of downstream xDSL modems are configured to 
provide packet-based point-to-multipoint communication between the upstream xDSL 
5 modem and the plurality of downstream xDSL modems. The upstream xDSL 
modem may be located, for example, within the central office or outside of the 
central office with a fiber connecting the central office to the upstream xDSL 
modem. 

Still further, in carrying out the present invention, a broadband 
10 communication method for xDSL packet-based applications is provided. The method 
comprises broadcasting from a point, over a twisted pair, with an upstream xDSL 
modem. The method further comprises receiving at a plurality of points with a 
plurality of downstream xDSL modems. Each downstream xDSL modem is in 
communication with a corresponding tap of a plurality of taps defined along the 
15 twisted pair. The upstream xDSL modem and the plurality of downstream xDSL 
modems are configured to provide packet-based point-to-multipoint communication 
between the upstream xDSL modem and the plurality of downstream xDSL modems. 

The advantages associated with embodiments of the present invention 
are numerous. For example, embodiments of the present invention provide packet- 
20 based point-to-multipoint communication utilizing xDSL technologies over a twisted 
pair . Advantageously , the packet-based s witching ma y be implemented as a packet s 
gw itched network wherein pac kets vary in size and/or frequenc y, or in a cell- 
switched n etwork wherein packets have a constant size and are transmitted at a 
co nstant rat e. 

25 Advantageously, multi-point xDSL, and particularly VDSL, in 

accordance with the present invention allows the flexibility of providing multiple 
users or customers with VDSL (or other packet-based xDSL technology) related 
services with a single twisted pair, such as an unshielded copper twisted pair. 
Further, multi-point xDSL of the present invention allows the service provider to 

30 attach an xTU-R device or remote terminal unit on the network side of the network 



-4- 



1552 

USW 0506 PUS 




interface, thereby sharing bandwidth to provide services for multiple applications via 
a single xDSL twisted pair. 

The above object and other objects, features, and advantages of the 
present invention are readily apparent from the following detailed description of the 
5 best mode for carrying out the invention when taken in connection with the 
accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIGURE 1 is a broadband communication system of the present 
invention utilizing xDSL packet-based technologies to provide point-to-multipoint 
10 communication; 

FIGURE 2 is an alternative embodiment of a broadband 
communication system of the present invention that utilizes xDSL packet-based 
technologies to provide point-to-multipoint communication; and 

FIGURE 3 is a block diagram illustrating a method of the present 
15 invention for xDSL packet-based point-to-multipoint communication. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Referring to Figure 1 , a broadband communication system of the type 
utilizing xDSL packet-based technologies in accordance with the present invention 
is generally indicated at 10. System 10 includes a central office 12 connected to a 

20 high-speed network 14. A suitable high-speed network is an asynchronous transfer 
mode (ATM) network. Network 14 is optionally connected by a fiber 16 to an 
external network 18. In accordance with this embodiment of the present invention, 
network 14 is connected to an xDSL modem 20, preferably, by a fiber 22. xDSL 
modem 20, which has a connection to central office 12, is referred to for 

25 convenience in reference as the upstream xDSL modem. A twisted pair 24 is 
connected to upstream xDSL modem 20. 
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A plurality of taps 26 are defined along twisted pair 24. A plurality 
of twisted pairs 28 extend from the plurality of taps 26 and connect to a plurality of 
downstream xDSL modems 30,32,34,36,38. Upstream xDSL modem 20 and 
downstream xDSL modems 30,32,34,36,38 are configured to provide packet-based 
5 point-to-multipoint communication between upstream xDSL modem 20 and the 
plurality of downstream xDSL modems 30,32,34,36,38. 

Accordingly, the xDSL modems may be configured with appropriate 
hardware and/or software to provide network interface capabilities. In one suitable 
embodiment, the xDSL modems are VDSL modems, and the twisted pair loop 

10 lengths are selected accordingly based on desired upstream and downstream transfer 
rates. Of course, it is to be appreciated that the xDSL modems may alternatively be 
HDSL or SDSL modems, as desired, provided that appropriate loop lengths are used 
and that the data transfer rate capabilities of such alternative modems are sufficient 
for the intended purpose. In a suitable implementation, twisted pair 24 is an 

15 unshielded twisted pair (UTP), such as a copper twisted pair. Further, examples of 
suitable twisted pair cabling are Category 3 twisted pair and Category 5 twisted pah- 
cabling . 

Each downstream xDSL modem 30,32,34,36,38 may be configured 
as desired to provide the end user or customer with a variety of services. For 

20 example, downstream xDSL modem 38 provides service to user site 40 which may 
be a residence. xDSL modem 38 is connected to telephone 42 by line 44, and is 
connected to network 46 as well. Network 46 includes computers 48. As is 
appreciated by one of ordinary skill in the xDSL modem art, xDSL modem 38 may 
be configured to provide a variety of services including service for telephone 42 and 

25 computer network 46, preferably, simultaneously. 

Of course, it is to be appreciated that the network defined by twisted 
pair 24, taps 26, twisted pairs 28, upstream xDSL modem 20, and downstream 
xDSL modems 30,32,34,36,38 may be implemented as a packet-switched network, 
or alternatively as a cell-switched network, as desired. As such, the xDSL modems 
30 should be configured appropriately for the type of switching for the network. In 
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point-to-multipoint networks of the present invention, it is suitable that downstream 
xDSL modems 30,32,34,36,38 are operative to transmit to upstream xDSL modem 
20 in a contention-based protocol. For exam ple, car riej^s ense mult iple 



accgss/collision detection (CSMA/CD) is one example of a known contention-based 



5 (protocol^ Further, another suitable protocol for upstream transmissions is a time 
division multiplexing (TDM) based protocol. In a TDM-based protocol, each 
downstream xDSL modem (or xTU-R or remote terminal unit) is assigned a specific 
time slot to transmit data to the upstream xDSL modem (or xTU-C or the central 
office terminal unit). Further, in a suitable implementation, upstream xDSL modem 
10 20 is operative to transmit to downstream xDSL modems 30,32,34,36,38 in a 
broadcast-based protocol. 



modems to receive data from the upstream modem, utilizing a single twisted pair 24. 
As such, system 10 is very advantageous in that a single pair of copper may be 

15 utilized to provide multiple users with xDSL (preferably VDSL) related services. 
Further, as shown at user site 50, embodiments of the present invention may be 
configured with the xTU-R or remote terminal unit which includes downstream 
xDSL modem 36 on the network side of the network interface, thereby sharing 
bandwidth to provide services for multiple applications via a single xDSL twisted 

20 pair. 



invention is generally indicated at 60. System 60 includes central office 62 including 
a high-speed network 64. High-speed network 64 is optionally connected with fiber 
66 to external network 68. In accordance with the present invention, a network node 

25 70 is connected to central office 62 by a fiber 72. An upstream xDSL modem 74 is 
then located at node 70, outside of central office 62, and receives information from 
fiber 72. That is, embodiments of the present invention in addition to being 
appropriate for use wherein a twisted pair is routed directly from the central office 
(Figure 1), are alternatively useful in a fiber-to-the-neighborhood (FTTN) 

30 arrangement, such as that illustrated in Figure 2. Further, if desired, upstream xDSL 
modem 74 may be connected to a demultiplexer 76 such that upstream xDSL modem 




It is to be appreciated that system 10 allows multiple receiving 



With reference to Figure 2, an alternative embodiment of the present 
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74 may provide service to more than one network. Of course, it is to be appreciated 
that a demultiplexer may also be utilized in embodiments similar to that shown in 
Figure 1, if desired. A suitable device for multiplexing and demultiplexing xDSL 
signals is a DSLAM or digital subscriber line access multiplexor which preferably 
5 utilizes time division multiplexing (TDM) and may be located at the central office 
or at a remote line shelf such as the network node 70. 

With continuing reference to Figure 2, upstream xDSL modem 74 
connects to a plurality of twisted pairs, such as twisted pairs 78 and 80, through 
demultiplexer 76. For convenience, the networks connected to twisted pairs 78 and 
10 80 are shown as identical, but it is appreciated that each network is independent from 
the other and may be configured in a variety of ways. In accordance with the present 
JS invention, each twisted pair 78 and 80 has a plurality of taps 86, with a plurality of 

connections 88 connecting to a plurality of downstream xDSL modems 

U1 90,92,94,96,98. Each downstream xDSL modem may be configured to provide a 

III 

\2 15 variety of services to an end user, such as, for example, user site 100 at xDSL 

*P modem 98. User site 100 includes a phone 102 connected by line 104 to xDSL 

q modem 98, and a computer network 106 also connected to xDSL modem 98. 

r: Computer network 106 includes a plurality of computers 108. Of course, the user 

□ site may be connected in a variety of other ways, such as to a device on the network 

^ 20 side of the network interface similar to that shown in Figure 1 at 50 to share 
bandwidth for multiple applications. 

With reference to Figure 3, a method of the present invention for 
broadband communication in xDSL packet-based applications is generally indicated 
at 120. At block 122, an xDSL transmission is sent downstream over a twisted pair 

25 from a point. This xDSL transmission is sent from the upstream xDSL modem. At 
block 124, preferably, a broadcast-based protocol is utilized during the downstream 
xDSL transmission from the upstream xDSL modem. At block 126, the xDSL 
transmission is received over the twisted pair at multiple points. Each point of the 
multiple points has a downstream xDSL modem for receiving the transmission. In 

30 accordance with the present invention, the upstream xDSL modem and the 
downstream xDSL modems are configured to provide packet-based point-to- 
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multipoint communication between the upstream xDSL modem and the plurality of 
downstream xDSL modems. 

In one suitable implementation, as shown at blocks 128 and 130, 
upstream xDSL transmissions over the twisted pair from the multiple points 
5 preferably use a TDM or a contention-based protocol. It is to be appreciated that 
embodiments of the present invention provide packet-based point-to-multipoint 
communication for xDSL technologies, and are preferably implemented in VDSL. 
Further, it is appreciated that applications of the present invention may be 
implemented in other packet-based xDSL technologies where appropriate. 

10 While the best mode for carrying out the invention has been described 

in detail, those familiar with the art to which this invention relates will recognize 
various alternative designs and embodiments for practicing the invention as defined 
by the following claims. 
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